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ABSTRACT

Compressed gases and cryogenic liquids are widely used in beer
brewing and serving. The nature of these materials can present mechanical, toxic, asphyxiation, extreme cold, and chemical hazards. This article explains the equipment and procedures for safe use of compressed
gases and cryogenic liquids frequently used in the beer industry. Guidelines for labeling, storage, transit within a facility, connecting to brew-

ing or serving systems, and checking for leaks are presented. Specifics
regarding hazards associated with oxygen (chemical hazard), carbon
dioxide (toxic), and nitrogen (asphyxiant) are discussed. Special procedures and precautions for two frequently used cryogens, liquid nitrogen
and bulk carbon dioxide, are addressed.
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Introduction

connected to a gas cylinder must be have a pressure relief device, typically a pressure relief valve (PRV), to minimize the
possibility of exceeding the pressure limit of the equipment,
with potentially dangerous consequences. It is a wise precaution
to mark vessels prominently with their pressure ratings.

Every brewery and every bar with draft beer service uses compressed gas. Brewers use compressed oxygen to oxygenate the
wort and carbon dioxide to carbonate the beer. Bars use carbon
dioxide and sometimes nitrogen to push the beer to the faucet.
Compressed gases can present an array of hazards. They are provided in high, narrow, heavy steel cylinders that can do serious
damage if they fall. The gases inside them are under high pressure that can be damaging. Nitrogen and carbon dioxide are suffocating, carbon dioxide is toxic, and oxygen can cause metal
plumbing to catch fire. Some breweries and bars use liquid nitrogen as a source of nitrogen in the gas or liquid state, and some
use bulk carbon dioxide. Liquid nitrogen and bulk carbon dioxide are cryogens: they are dangerously cold. On evaporation the
volume increases by a factor of about 700. If the vapor has no
way to escape, the expansion can cause the equipment to rupture. Specialized equipment, procedures, and training are needed
to handle these materials safely. We will discuss compressed
gases along with pressurized liquids first, followed by a brief
discussion of cryogens.

Gas Cylinders
Gases are provided in pressure vessels called cylinders. The
most popular size gas cylinder (Fig. 1) is 51 in (130 cm) tall, 9 in
(23 cm) in diameter, weighs 115 lb (52 kg) empty, and has an
internal volume of 1.6 ft3 (44 L). Nitrogen and oxygen cylinders
are filled to about 2,200 psig (150 bar); carbon dioxide is delivered as a compressed liquid at about 850 psig (60 bar). Gas cylinders must be secured with straps or chains during storage, while
being moved, and while dispensing to prevent them from falling.
A falling cylinder can cause damage or injury, and the fall could
break off the valve, which could cause the escaping gas to propel
the cylinder like a rocket. The gas cylinder has a valve on top,
shown in Figure 2. The valve usually has a pressure relief device
that releases the gas safely if the pressure gets too high.
When the cylinder is in storage or in transit, the valve should
be covered by a steel cap called a valve protector to protect it
from damage (Fig. 3). The hole in the valve protector can be
engaged by a size 58–62 mm hook spanner (Fig. 4) to help
safely remove the valve protector if it gets stuck. Sometimes
wasps build nests in valve protectors on cylinders stored outdoors.
Cylinders must undergo periodic pressure testing to ensure
their safety. The dates of inspection are stamped on the cylinder
(Fig. 5). Cylinders whose most recent test dates are more than
5 years ago should be returned to the supplier.
Gas cylinders must be stored in a secured area where the temperature does not exceed 125F (52C). The storage area should
be accessible without curbs or steps. Empty and full cylinders
must not be stored together. Flammable gases must be segregated from oxidizing gases. Gases must be transported from
storage to their point of use on specially designed carts (Fig. 6)
that provide restraints to secure the cylinder. During transit, the
valve protector must be in place. The cart is for transport only;
gases must not be dispensed from carts.
Gas cylinders are labeled by the supplier with the identity of
the contents and hazard information. If the label is not plainly

General Precautions
As with all materials used in brewing and malting, workers
who will handle gases should read the Safety Data Sheet for the
specific material and always use proper personal protective
equipment, including eye protection. Equipment that is to be
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visible when the gas is in service, additional labeling should be
applied so the identity of the gas can be read easily. When the
gas is delivered, it is recommended that the person receiving it
wire on a service tag, shown in Figure 7. When the gas is placed
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into service, the tag is moved so that it remains visible, and the
“full” part of the tag is torn off, designating the cylinder as “in
service.” When the cylinder is empty, the “in service” part of
the tag is torn off, designating the cylinder as “empty.”

Gases and Liquids
Some materials are in the gas state in the cylinder. Materials
like carbon dioxide that can be liquefied at room temperature
are usually delivered as pressurized liquids. Some cylinders of
pressurized liquids are designed to deliver the contents in the

Figure 4. Hook spanner.

Figure 1. Gas cylinders with regulators and restraining devices.

Figure 5. Test date marks. This cylinder has been in service for over
60 years.

Figure 2. Gas cylinder valve for carbon dioxide.

Figure 3. Valve protector cap.

Figure 6. Gas cylinder cart.
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liquid form. These cylinders have a tube called an “eductor
tube” that leads from the bottom of the cylinder to the valve.
True gases, such as oxygen and nitrogen, behave quite differently from pressurized liquids, such as carbon dioxide. The

pressure of a true gas in a cylinder is a measure of the amount
of gas remaining. The pressure of the gas in a pressurized liquid
cylinder depends only on the temperature; it is the same no matter how much material remains in the cylinder. If it is important
to know how much is in the cylinder, the cylinder should be
mounted on a scale.
A third category is cryogenic liquids, the most common of
which is liquid nitrogen. A cryogenic liquid is provided at low
temperature and low to moderate pressure. Liquid nitrogen is
provided at near-atmospheric pressure (15 psia = 1 bar absolute)
at its boiling point of –320°F (–196°C). Bulk carbon dioxide,
also called “liquid carbon dioxide,” is provided at 180–400 psi
(12–25 bar) at –31 to +5°F (–25 to –15°C). These are dangerously cold temperatures. Equipment and procedures for handling cryogens will be discussed below.

Gas Regulators

Figure 7. Cylinder service tags.

Figure 8. Gas regulator.

Figure 9. Gas inlet, CGA 350 (used for flammable gases), nut drawn
back to show brass cone seal.

Gases are connected to the gas handling system (the plumbing to which the gas is provided) through a special valve called
a regulator (Fig. 8). The gas cylinder valve must never be
opened without a regulator installed, except as mentioned below
for oxygen. The regulator maintains a relatively constant outlet
pressure despite variation in the cylinder pressure and in the gas
flow rate. The outlet pressure can usually be adjusted within a
moderate range. Most regulators have two pressure gauges: one
at the inlet, measuring the pressure in the cylinder, and the other
at the outlet, measuring the delivery pressure. Regulators require occasional service to check for leaks and replace worn
parts. Gaskets for flat seals, like those on CO2 regulators, should
be replaced when worn. Regulators should be replaced at the
end of their service life.
The regulator inlet fitting is designed to fit only a matching
cylinder valve. The type of fitting depends on the gas. Some
fittings have outside threads, some have inside threads, and
some have left-handed threads. Fittings with left-hand threads
are identified with grooves in the wrench surfaces (Fig. 9). The
reason for all this diversity is to make it difficult to connect a
system to an incompatible gas. It is not safe to use an adapter
that bypasses this precaution. The regulator inlet makes a gastight pressure seal to the cylinder valve either by metal-to-metal
contact using a cup and cone arrangement (Fig. 9) or with flat
surfaces that mate over a soft gasket. The machine threads on
the cylinder valve and the regulator inlet fitting are not part of
the seal; they just pull the parts of the seal together. Threading
compound (dope) or thread tape can jam the regulator and must
not be used on these threads. The types of fittings specified for
various gases follow different standards in different countries.
Table 1 provides the identities of some standard fittings for
gases commonly used in breweries.
Most CGA-series regulator connections to the cylinder valve
take a 1-1/8 in wrench. For safe, reliable connections, and to
minimize wear on the regulator fittings, a fixed-size open-end
wrench should be used, rather than anything adjustable. The nut
on the regulator should be tightened to the valve fitting snugly,
but not to the point of damaging the sealing surfaces. The regulator should be installed in a position that allows its gauges to

Table 1. Cylinder valve fittings
Gas
Carbon dioxide
Nitrogen
Oxygen

North America
CGA320
CGA580
CGA540

Argentina

Brazil

Europe

United Kingdom

IRAM-3
IRAM-2

ABNT 209-1
ABNT 245-1
ABNT 218-1

DIN477-6
DIN477-10
DIN477-9

BS341-8
BS341-3
BS341-3
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be read. After the regulator is installed on the cylinder valve and
connected to the plumbing to which the gas is being provided,
loosen the pressure adjustment (counterclockwise), close the
flow valve on the regular outlet, and with a gloved hand, slowly
open the cylinder valve by turning its hand wheel counterclockwise until it is fully open (about 1.5 to 2 turns). Then tighten the
pressure adjustment (clockwise) until the outlet pressure gauge
shows the desired pressure. Only then can the regulator outlet
valve be slowly opened to provide gas.
Now would be a good time to check for leaks. Spray a solution of detergent and water (commercial solutions with enhanced performance, such as Snoop®, are available) on the fitting you are checking while it is under pressure. A stream of
bubbles indicates a leak. After leak checking, rinse off the solution with clean water. If leaks are detected, close the cylinder,
safely vent the gas to release the pressure, and tighten the fitting.
If the leak persists it will be necessary to disassemble the fitting.
Pipe fittings have tapered threads; the outside-threaded (male)
ends are narrower at the end than the base. Replace the polytetrafluoroethylene (PTFE) tape or sealing compound, reassemble
the fitting, and check for leaks again. Compression fittings
make a metal-to-metal seal. There should be no tape or sealing
compound on them. Clean the sealing surfaces and check for
leaks again. If the leak persists you may need to replace the fitting. Overtightening, which permanently distorts the seal, is often the cause of compression fitting failure.
When the gas is not being dispensed, the cylinder valve must
be closed. The regulator must not be used as a shut-off valve. A
cylinder must not be moved with a regulator installed. Before
the cylinder is moved, the cylinder valve must be closed, any
pressure in the regulator must be safely released, the regulator
must be removed, and the valve protector must be installed. Figure 10 shows a regulator fastened to a cylinder valve.

Hazardous Gases
Asphyxiant Gases
Breathable air must contain at least 19.5% oxygen by volume.
Any gas or gas mixture that contains less than 19.5% oxygen can
drive oxygen out of the air and present a hazard of asphyxiation
(suffocation). Every gas except air and oxygen is an asphyxiant.
Areas with limited ventilation where asphyxiant gases are used,

Figure 10. Cylinder with regulator installed.
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such as refrigerators or basements, should be equipped with an
oxygen monitor that gives a visible and audible alarm if the oxygen concentration goes below a safe level. The monitor should be
tested regularly with a calibration mixture.

Toxic Gases
Gases that cause harm even without lowering the oxygen below 19.5% are toxic. Carbon dioxide is toxic at concentrations
above 1% by volume; its permissible exposure limit (PEL) is
set by U.S. regulation at 0.5% by volume (5,000 ppm). Carbon
dioxide is considered immediately dangerous to life and health
(IDLH) at 4% by volume. At the IDLH concentration, a gas can
cause permanent injury, death, or prevent a worker from escaping
from the affected area. Areas where toxic gases are generated or
used, such as fermentation cellars, bright beer tanks, packaging
lines, and keg dispense refrigerators, should be equipped with
monitors that give a visible and audible alarm if the gas concentration goes above a safe level. The monitors should be tested
regularly with a calibration mixture.

Flammable Gases
Many gases burn in air. All of these are also asphyxiants, and
some are also toxic. Some examples of commonly used flammable gases are hydrogen and propane. Although flammable
gases are not normally used in beer processing, they are sometimes used as fuel for boiling and heating, in the laboratory, and
in machine shop equipment such as cutting torches. The lower
explosive limit (LEL) of a flammable gas is the lowest concentration, in volume percent, of a mixture of the flammable gas
and air that will burn. The upper explosive limit (UEL) is the
highest concentration that will burn. The LEL is relevant to
leaks of the gas into air; the UEL is relevant for leaks of air into
the gas handling system. The concentration between the LEL
and the UEL is the explosive range. Mixtures whose concentrations are in the explosive range explode when ignited by any
sparks, such as those from motors, switches, or friction.

Oxygen
Oxygen (O2), although not considered hazardous, is a powerful oxidizer. Materials like metals and PTFE (e.g., Teflon®) can
become flammable under elevated oxygen pressure. Systems
for handling oxygen must be free of any traces of grease or oil.
Stainless steel and brass are the most compatible metals for
oxygen service. Aluminum is not suitable. Sparks coming off
metal particles driven by high gas flow are sources of ignition.
To drive off metal particles left from making and breaking connections when the cylinder was filled, it is recommended that
before the regulator is installed the cylinder valve be directed
away from all workers, opened briefly, and then closed. This
practice is restricted to oxygen. Another source of ignition is an
adiabatic oxygen hammer, which can result when an oxygen
valve is opened quickly. The oxygen flows rapidly from the cylinder. When it encounters a restriction, the momentum continues to drive the gas into the restriction, raising its temperature
and pressure. The effect can be large enough to cause metal
parts to burst into flame. Valves connecting high-pressure oxygen to plumbing or vessels should be opened slowly. To start, all
valves should be closed, and then open them slowly one by one
starting with the one closest to the cylinder.
An atmosphere whose oxygen concentration exceeds 23.5%
by volume is “oxygen-enriched.” Oxygen enrichment is dangerous because it can cause normal materials such as clothing to be
highly combustible. Workers who have been exposed to an oxygen-enriched atmosphere should change their clothes at once.
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Carbon Dioxide

Mechanical Hazards

Carbon dioxide (CO2), in addition to being toxic and an
asphyxiant, reacts with sodium hydroxide and potassium
hydroxide (caustic), which are often used to clean brewery
equipment. The reaction removes carbon dioxide and the caustic. The removal of carbon dioxide from a sealed vessel can
make a high enough vacuum to crush the vessel, which can
cause injury or death. To avoid an unintended vacuum, vessels
that could contain carbon dioxide, such as fermenters, should
be equipped with valves that admit air if the pressure becomes
too low and that release carbon dioxide if the pressure becomes too high. Even if a vacuum is not an issue, the loss of
caustic can interfere with the cleaning process. It is best to
remove carbon dioxide from a vessel before it is treated with
caustic-containing cleaners.

If liquid nitrogen or carbon dioxide is trapped in a closed volume, such as the space between two valves, the pressure upon
warming would be 10,000 psi (690 bar), enough to cause explosive rupture of most systems. The system design should include
PRVs on equipment that handles cryogenic liquids. The tubing
between the outlet valve of the cryogen supply and the inlet
valve of the receiver is a potential problem area.
A unique hazard with bulk carbon dioxide is freezing. When
a container or tube containing carbon dioxide liquid is vented to
the atmosphere, the CO2 boils rapidly and cools. If enough is
present, the CO2 can freeze. This can also happen with CO2 in
pressure tanks, but because they are not filled at the brewery, it
is unlikely that the liquid would be handled directly. If a pipe or
tube containing liquid CO2 is opened, the liquid near the opening will boil off, but CO2 further inside can freeze to form dry
ice, plugging the pipe. Liquid behind the plug can vaporize and
drive out the plug with dangerous force. The liquid should be
drained before the pressure is allowed to fall below 75 psi (5
bar). The system must be designed to accommodate this.

Corrosive Gases
Corrosive gases, such as chlorine and ozone, are occasionally
used for sanitation. These gases require special treatment because they attack metals. Only metals that are compatible with
the gas should be used in any part of the gas handling system
that could touch the corrosive gas. Ultimately, corrosive gases
damage the valves in the system, which may become stuck. Corrosive gases should be ordered in the smallest practical container, and they should be returned to the supplier as soon as
they are no longer needed.

Cryogens
Introduction. A single 160 L container of liquid nitrogen can
hold as much as 16 normal-size compressed gas cylinders. For
a facility that uses a large amount of nitrogen, the savings in
space and labor can be attractive. Liquid nitrogen is sometimes
used to package nitrogenated beer.
Definition. A cryogen is a liquid whose normal boiling point
is less than −240°F (−150°C). Liquid nitrogen (boiling point =
−321°F = −196°C) is sometimes used in beer brewing and packaging.
General precautions. Wear eye protection. Wear gloves, long
sleeves, and long pants. Read the Safety Data Sheet for the
material you are handling.

Specific Hazards
Cold
Cryogens are dangerously cold. The cold can damage skin
and eyes, especially if the cryogen remains in contact for several
seconds. Eye protection should always be worn, and a face
shield should be used in operations that could result in splashing
or rapid boiling of the cryogen. Clothing should be arranged to
avoid holding up any spilled cryogen. It is best to have pants
without cuffs whose legs come below the openings of the shoes,
and sleeves that come past the cuffs of the gloves. Cloth or
leather gloves protect the hands from small spills. Do not put a
gloved hand or finger into a cryogen. Anything that has been
chilled with the cryogen can become cold enough to freeze to
the skin. Flexible items like rubber or plastic can become brittle
at cryogenic temperatures.

Asphyxiation
When a liquid cryogen warms, its volume can increase by more
than 700 times. Spaces that are not well ventilated can become
oxygen-deficient very rapidly because of a small leak or spill.

Chemical Hazards
Liquid oxygen is more than five times as concentrated as
compressed oxygen. Liquid oxygen can react explosively with
anything combustible. It can be made inadvertently by allowing
air to condense in containers that are cooled with liquid nitrogen. An open container that is immersed in liquid nitrogen with
the open end in the air will fill with liquid oxygen.

Handling Cryogens
Ventilation
Cryogens require adequate ventilation. If the liquid nitrogen
is to be used in a space without forced ventilation, use a monitor
to ensure a breathable atmosphere with at least 19.5% oxygen
by volume. Areas with the potential for carbon dioxide buildup, whether from standard pressure cylinders or from cryogenic
bulk carbon dioxide, should be protected by a carbon dioxide
monitor.

Cryogen Containers
Liquid nitrogen is usually delivered to in special insulated
containers (Fig. 11) containing 160 L of product. The container
is insulated to slow the evaporation of the cryogen, but some
heat leaks in, causing the cryogen to boil off slowly. The container is equipped with at least two pressure relief devices, a
spring-loaded PRV that opens to release excess pressure, often
loudly, and a rupture disk that breaks open to release the entire
contents of the container if the PRV fails. These devices are usually mounted on a tube leading to the pressure gauge. Cryogen
containers are usually equipped to dispense the contents in the
liquid state and, via another outlet valve, to vaporize it and deliver
it as a gas. Figure 12 shows a top view of a typical liquid nitrogen
container. The level indicator is connected to a float; it gives a
rough indication of the amount of cryogen left in the container.
Cryogen containers should be stored and used upright.
Bulk carbon dioxide is handled much like liquid nitrogen, but
sometimes in large fixed tanks that are refilled by the supplier
from refrigerated tank trucks.
A 160 L container filled with liquid nitrogen weighs about
520 pounds (230 kg). Its diameter is 20 in (51 cm); it is selfsupporting, requiring no straps or chains in storage or service.
It has a groove near the bottom that can be engaged by a flange

Handling Compressed Gases and Cryogens

on a special hand truck. The container should be strapped securely to the hand truck for transport. The container has a rail
around the valve plumbing, so a valve protector is not necessary.
If the container is taken up or down a slope, two or more work-
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ers will be needed. If the container starts to fall, get out of its
way. A mechanical hoist is needed to right a fallen cryogen container. Consult the gas supplier for assistance.

Dispensing Liquid
Liquid is delivered from a dip tube connected to the liquid
dispense valve. The liquid is driven out by pressure in the head-

Figure 11. Cryogen container with hose attached to liquid valve.
Figure 13. Dewar flask.

Figure 12. Cryogen container plumbing.

Figure 14. Dewar pitcher.
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space (gas-filled space above the liquid surface) of the container. Heat is not needed to maintain the pressure. Liquid is
normally dispensed at a pressure only slightly higher than atmospheric. Some containers are only suitable for dispensing liquid. They are not equipped with the vaporizing and pressurebuilding plumbing described below.

Dispensing Gas
To dispense gas, liquid must be vaporized, which requires the
addition of heat. Liquid flows through tubing in contact with the
outer wall of the container, where it absorbs heat and is vaporized and released through the gas dispense valve. The gas pressure can be increased by a pressure-building circuit that carries
liquid against the outer wall, where it absorbs heat, vaporizes,
and flows through a pressure regulator into the headspace of the
container to increase the pressure. The container pressure is usually limited to 250 psig (17 bar). The gas is dispensed via a pressure regulator installed by the user. To dispense gas under pressure, install a suitable regulator, connect the regulator outlet to
the system that gets the gas, and open the gas dispense valve
and the pressure-building valve. When the pressure reaches the
correct value, open the regulator outlet valve to dispense the
gas. The vaporizing and pressure-building plumbing cools the
outside of the container, which can cause condensation or ice
formation. Make provision for the water to avoid wet floors and
water damage.

Dewars
Some laboratory procedures involve collecting a gas for analysis by solidifying it in a trap cooled by a cryogen, usually liq-
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uid nitrogen. Vacuum-insulated containers for cryogens at atmospheric pressure are called dewar flasks. Dewars come in
various shapes and sizes. Figure 13 shows a glass dewar typically used to cool a vacuum or gas trap. Figure 14 shows a glass
dewar that is filled from a cryogen cylinder and is used as a
pitcher to fill a dewar like that shown in Figure 13. Glass dewars
should be wrapped with duct tape on the outside to reduce the
risk of injury by flying glass in the event of breakage. When a
warm dewar is filled, or a warm object is inserted into cryogen
in a dewar, the liquid will boil off violently until the dewar or
object cools. Use a face shield and be careful to stay out of the
way of splashes.

Summary
All workers who deal with compressed gases, pressurized liquids, or cryogens should be trained to understand the behavior
of the materials, their hazards, how the equipment works, and
the proper safety procedures.
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